Abstract Anti-predator behavior is a key aspect of life history evolution, usually studied at the population (mean), or across-individual levels. However individuals can also differ in their intra-individual (residual) variation, but to our knowledge, this has only been studied once before in free-living animals. Here we studied the distances moved and changes in nest height and concealment between successive nesting attempts of marked pairs of grey fantails (Rhipidura albiscapa) in relation to nest fate, across the breeding season. We predicted that females (gender that decides where the nest is placed) should on average show adaptive behavioral responses to the experience of prior predation risk such that after an unsuccessful nesting attempt, replacement nests should be further away, higher from the ground, and more concealed compared with replacement nests after successful nesting attempts. We found that, on average, females moved greater distances to re-nest after unsuccessful nesting attempts (abandoned or depredated) in contrast to after a successful attempt, suggesting that re-nesting decisions are sensitive to risk. We found no consistent across-individual differences in distances moved, heights, or concealment. However, females differed by 53-fold (or more) in their intra-individual variability (i.e., predictability) with respect to distances moved and changes in nest height between nesting attempts, indicating that either some systematic variation went unexplained and/or females have inherently different predictability. Ignoring these individual differences in residual variance in our models obscured the effect of nest fate on re-nesting decisions that were evident at the mean level.
Introduction
Predation is one of the greatest selective pressures acting on animals, leading to ecological and evolutionary changes in breeding behavior and life history (Reznick et al. 1990; Lima 1998) . Nest predation is the most important source of reproductive failure for most bird species (Ricklefs 1969) , and high levels of nest predation may necessitate multiple nesting attempts within a season in order to successfully rear young (Grzybowski et al. 2005) . Birds can manage some of this risk by modifying their behavior, such as by moving to a new breeding site the year following reproductive failure (Gavin and Bollinger 1988; Haas 1998) . Within a breeding season, pairs that suffer nest predation may move a greater distance to re-nest than pairs that do not (i.e., stonechat (Saxicola torquata) Greig-Smith 1982) and may choose to place subsequent nests in areas with increased cover, or change the height above ground at which the re-nest is placed (Marzluff 1988) .
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Re-nesting behavior is common in many bird species, particularly for species with long breeding seasons, and typically occurs after nest predation (i.e., Ackerman et al. 2003) or parasitism (i.e., Graham 1988) , or when initiating multiple broods (i.e., McKibbin and Bishop 2014) . Less frequently reported and particularly puzzling is the fact that some species abandon and re-nest prior to completing their nest or laying eggs (i.e., prairie warbler (Dendronica discolour) (Nolan 1978) , common grackle (Quiscalus quiscula) (Maddox et al. 2006) , and grey fantail (Higgins et al. 2006; Berger-Tal et al. 2010) . A particularly interesting example is the grey fantail (Rhipidura albiscapa), which will build up to seven nests in a breeding season, approximately half of which are abandoned during building (Higgins et al. 2006; Munro 2007 ; this study). Berger-Tal et al. (2010) suggested that predators locating the nest during building are the principal cause for this frequent nest abandonment in fantails. It is possible, then, that this behavior may represent an adaptive strategy to reduce nest predation risk by moving away from more risky sites. If so, and in order for re-nesting behavior to respond to selection and evolve, individuals must differ in how risk is perceived and managed; that is, individuals must consistently differ (i.e., be repeatable) in their responses to risk in order for there to be a heritable component in this behavior (Falconer 1981; Dohm 2002) .
We should expect that individuals perceive and respond to risk of nest predation in different ways, given the many studies showing that birds display consistent (and heritable) individual differences in many types of behaviors, including antipredator behavior (e.g., Dingemanse et al. 2002; van Oers et al. 2004; Quinn and Cresswell 2005) . Therefore, individuals inherently sensitive to risk might attempt to reduce risk of predation by moving greater distances when re-nesting after a nest predation event and increase the strength of their responses over time. Another complimentary way to reduce risk of predation might involve making behavior unpredictable within individuals (Stamps et al. 2012; Briffa 2013) , by varying responses between nesting attempts in a stochastic way.
Predictability, or intra-individual variability (IIV), refers to non-systematic behavioral variation (Stamps et al. 2012; Briffa 2013) . It is estimated as the individuals' residual variance after individual trends in behavior over time and/or across contexts has been accounted for (Stamps et al. 2012) . Predictability (IIV) can differ consistently across individuals over long periods of time in a strictly controlled experiment, suggesting that it might even be a trait upon which selection can act (Biro and Adriaenssens 2013) . Indeed, studies have quantified heritability of residual variance in animal models suggesting this is the case (e.g., Ronnegard et al. 2010) . However, to date, there has been only a single study that has quantified IIV under natural conditions, and this study revealed significant across-individual differences in predictability (Westneat et al. 2013) . At a minimum, individual differences in residual variance is a response that needs to be taken into account to satisfy model assumptions (constant variance); however, such differences may also contain important aspects of biology that few studies presently consider (Stamps et al. 2012; Briffa 2013; Westneat et al. 2014) .
Here, we studied the re-nesting behavior of grey fantails (R. albiscapa) across an entire breeding season, during which we were able to follow and obtain data on all successive nesting attempts for a sample of 17 marked pairs of birds at adjacent low-and high-elevation field sites (91 nesting attempts in total). We expected that females (gender that decides where the nest is placed) should manage nest predation risk in an adaptive way-by building a new nest at a further distance, changing the height of the nest above ground, and increasing nest concealment after failed nest attempts compared to after successful ones. We extended these population (mean-level) predictions to the individual level by also asking whether individual females might differ in their response to risk and thus consistently differ in their re-nesting behavior (e.g., risk averse individuals might move farther on average between nesting attempts depending on nest fate, a random intercept effect), or whether individuals differed in their responses over time (individual differences in Bplasticity,^a random slope effect). Finally, we also tested for individual differences in predictability, as estimated by individual (female-specific) residual variance (Stamps et al. 2012 ).
Materials and methods

Study area and species
We studied populations of grey fantails in Mt. Buffalo National Park, Victoria, Australia (36°44′ 48″ S, 146°46′ 37″ E), during the 2012-2013 breeding season (Sept-Jan). As part of a larger project investigating life history variation across elevation, we had study sites at low and high elevation (mean elevation of 378.2 and 1331.9 m, respectively), situated approximately 3.8 km apart. The low-elevation site was characterized by damp sclerophyll forest while the high-elevation habitat consisted of subalpine woodland. Despite these differences, we found no effects of elevation on re-nesting responses in any of our analyses (see Results section).
The grey fantail is a small (~8 g) passerine, native to Australia, that builds small open-cup nests with the bottom drawn out into a long Bstem,^resembling a wine glass with no base (Higgins et al. 2006) . Nests are made of bark and dry grass, coated on the outside with a layer of spider web (Higgins et al. 2006) . Females choose the nest site and construct the nest (Munro 2007; CB, unpublished data) , and both adults incubate and feed the nestlings (Higgins et al. 2006) . Mean internal and external cup diameter is 45 and 53.7 mm, respectively, mean cup depth 28.5 mm, mean cup height 41.2 mm, and mean stem length 82.6 mm (CB, unpublished data). Typically, clutch size is three eggs and nest predation rates are high (59-81.3 %, Higgins et al. 2006; 83 %, Munro 2007) .
As described in the BIntroduction^section, fantails will renest up to seven times (Beckmann unpublished data) and frequently abandon nests during building (47 % of all nests found, Munro 2007; 44 %, this study). A study by BergerTal et al. (2010) suggests that predators locating the nest during building are the principal cause for most nest abandonment. Few data are available on the identity of nest predators of grey fantails, but known predators include pied (Strepera graculina) and grey currawongs (Strepera versicolor) (CB, unpublished data), and potential predators include other bird species, small and medium mammals, and several species of snakes. We observed one instance where a nest was visited by a pied currawong during building; the adults immediately abandoned (CB, pers obs). The pair can acquire information about the predator either directly by encountering the predator when on/near the nest, or indirectly by using cues (such as scent) that the predator leaves on or around the nest (Amo et al. 2011 ).
Data collection
We located nests by observing adult birds during building, incubation, or chick feeding. Nests were easy to locate as females called regularly and repeatedly while collecting material and building, and males sang frequently while sitting in or near the nest tree. In addition, this species appears to have little fear of humans, and even approach to within 1 or 2 m of the observer in order to collect nesting materials and to feed. Each nest location was noted using GPS, and height and concealment data recorded (see below). At least one bird per pair was banded with a unique combination of colors for individual identification. It was not possible to age the birds. Nests were checked every 2-3 days during building, and if the nest was abandoned when partially built (evidenced by the nest not increasing in size between visits and no birds in the area of the nest), we followed the pair to find their new nest. Nests were not approached during building. Once nests were completed, we checked daily to document the onset of egg laying. Incubation begins either on the day the penultimate egg is laid (Munro 2007) or when the last egg is laid (Higgins et al. 2006 ; this study), and then nests were subsequently checked every 2-3 days, except for hatching (checked daily from day 11 until hatch) and fledging (checked daily from age 11 until fledged). For all nests found empty after day 11 of chick rearing, we followed the adults to confirm if they were feeding fledglings. Nests with at least one fledged young were defined as successful.
We conducted vegetation surveys at each nest toward the end of the breeding season once the nest was no longer active (Dec-Jan). We measured the distance (m) between successive nests within pairs as well as height (m) from ground for each nest. For all nests that were lower than 2 m above ground (45 % of nests), nest concealment was estimated following Nelson and Martin (1999) . Briefly, a 5-cm -diameter ball (the same size as the nest) demarcated with small dots in a 1×1 cm grid was placed at the nest location (after having removed the original nest-nests are not re-used between years). We counted the number of dots visible from each cardinal direction at eye level with the nest from a distance of 1 m, and where nests were low enough, from 1 m above. Percent concealment was determined by dividing the number of dots not visible by the total number of dots possible and multiplying by 100. Overhead cover was estimated for nests that were too high for direct observation. We also measured territory size for 12 pairs by following pairs during the first several weeks of the breeding season and marking locations of individuals using GPS. Locations were taken for both males and females as both sexes participate in territory defense (Munro 2007) . Data included both song and foraging sites. Data from all observation points were combined and enclosed by straight lines to form a convex polygon, and the area of the polygon determined. We also noted the maximum width of each territory.
We used several approaches to measures re-nesting distance (m): (1) horizontal distance between nests, (2) total distance moved (total horizontal distance plus the total change in height), and (3) vector distance (calculated using Pythagorean's theorem, giving a straight-line measure between successive nests).
Statistical analysis
Because we had repeated measures of nests on the same female, and we were interested in differences in behavior across females, we analyzed our data using general linear mixed (fixed and random) effects models assuming normal errors where the response variables were measures of distance moved between nests and changes in concealment between nests (Proc Mixed; SAS Institute 2010) . At the level of the mean (population level) response, we included fate of previous nest attempt (abandoned, depredated, fledged), and elevation (high, low) as categorical predictors. Because these birds experience such high levels of nest predation, we also additionally tested for a response across time within the breeding season, using re-nesting attempt number as a continuous predictor. This was done to assess the possibility that birds might increase distances moved over time due to an accumulation of experience. Significance of these fixed effects was assessed using F-tests in a type III sums of squares approach. Fixed effects (fate, elevation) were included in all models when we assessed random effects described below.
We tested for female-specific differences in their average levels of re-nesting measures, where female identity was specified as a random (intercept) effect; we also tested for potential female differences in strength of response across time, where re-nesting attempt number was specified as a random (slope) effect in addition to the random intercept effect (a covariance parameter was also fit to describe any intercept-slope correlation). After finding no evidence for either random intercept or random slope effects on their own (see Results section), we then tested for whether females might differ in their predictability. This was assessed by fitting a separate residual variance parameter, one variance parameter per female (details of code are found in Littell et al. 2006 ). This differs slightly from another approach that fits a single variance parameter that describes across-individual variance in the individual residual variances (see Westneat et al. 2013 ). Our approach requires many more parameters (hence the likelihood ratio (LR) test df=16), but an advantage may be that our assessment is not sensitive to assumptions about the distribution of individual variances. The significance of random effects was assessed using likelihood ratio (LR) tests based on a χ 2 distribution with df equal to the difference between models with and without the random effect. It was not possible to test for both of the across-individual variance parameters (random intercept and slope effects) in combination with individual-specific residual variances in a single model due to insufficient data (model would not converge). Distance measures were log (x+1) transformed to achieve normality; change in height from ground and changes in concealment were normally distributed on the raw data as they could assume both positive and negative values.
Results
General patterns
We located and monitored 194 nesting attempts for 64 pairs (35 at low elevation, 29 high elevation). For 17 pairs of birds, we are confident that we located every consecutive nest constructed during the breeding season (n=91 nests in total, mean 5.4 nests per pair, range=4 to 7). For the remaining pairs, we cannot be confident in having found every nest as some pairs were not followed from the very start of the breeding season (thus, we most likely missed earlier nests) or pairs occasionally nested in logistically inaccessible areas (i.e., female of one pair observed carrying nesting material down an inaccessibleto-us cliff face); thus, they were not included in our analysis. The majority of nests (97 %) were located during building by following adults that were carrying nesting material, and the remaining nests were found during laying (2 %) and incubation (1 %). Of this total of 91 nests, 56 % were abandoned during building, 36 % were depredated, and 8 % were successful. Nest abandonment was not caused by human disturbance as we did not approach nests during building. Of the 91 nests, 44 were located low enough for us to measure nest concealment. The maximum and minimum horizontal distance moved between successive nests was 303 and 0 m (nest re-use), respectively. Fantails placed nests between 0.68 and 27 m above ground, and the change in height between successive nests varied from 0 (nest re-use) to a maximum of 24.1 m. Nest concealment was generally low, with the mean side and above concealment being 37 and 34 %, respectively. Only two pairs re-used an old nest once each (from earlier in the same breeding season), and no pairs were found to use old nests of neighboring pairs.
Across-individual differences
Examination of the raw data plots indicated obvious differences in predictability between females, and possibly differences in individual mean values (Fig. 1) . However, independent of previous nest fate, there were no significant individual differences in average distances moved, changes in height, or in concealment (random intercept effects; LR tests all P>0.3). Additionally, we found no individual differences in responses (distances moved, changes in height, or in concealment) across successive nesting attempts (random slope effects; LR tests all P>0.3).
There was, however, evidence for large individual differences in predictability between females for all the distance measures (horizontal, vector, total), and change in height (LR tests, all χ 2 16 >32, all P<0.002). For example, variances ranged from 0.09 to 4.83 across females in the case of horizontal distance moved, representing a 53-fold difference (146-and 101-fold differences for total and vector distances respectively; see Supplementary material for detailed output of these models). Following Cleasby et al. (2015) , we also calculated the CV of the individual residual variance values for each response variable, revealing values ranging from 1.13 to 1.50 depending upon the particular response variable considered (Appendix). In the case of the two concealment measures (side, above), there were insufficient data to test for individual differences in residual variance, and individual differences in mean values (random intercept effect) were estimated to be zero (LR tests χ 2 1 =0, both P=1).
Mean-level differences
After accounting for the individual differences in female predictability described above, we found that regardless of the particular measure used to describe the distances moved (horizontal/total/vector), in all cases, there were significant effects of previous nest fate on the distance moved (all F 3, 10 >100, all P<0.0001). When we back-transformed the least squares (model predicted) means for horizontal distance moved to re-nest in relation to previous nest fate, females moved 41.1 m on average after abandoning a nest during building and 28.4 m after experiencing nest predation, compared to only 20.7 m following a successful fledged nest (Fig. 2) . Similar results were obtained regardless of the metric used to estimate distances (see Fig. 2 ). Elevation was not significant for all distance measures and all variables (all P>0.2) and was culled from the model.
Previous nest fate had significant and substantial effects on re-nest height (F 3,10 =7.9, P=0.005). There was a predicted increase of 0.11 m after an abandoned nesting attempt, a decrease by 0.23 m after predation, and an increase by 2.42 m following a fledged nest.
Concealment from the side increased by 10 % after an abandoned nesting attempt but decreased 10 % after predation (F 2,9 =5.3, P=0.03; Fig. 3 ; we had no concealment data for successful nests). Concealment from above showed no trend (F 2,9 =1.1 P=0.40; Fig. 3 ). For both measures of concealment, we included a random intercept effect, although not significant, to ensure that the denominator df was not inflated when assessing fixed effects.
Independent of nest fate, there was a trend for increases in distances moved (for all three distance measures) and decreases in height across time between nesting attempts within the breeding season (all F 1,50 >5.5, all P<0.02). Across time, females increased distances between nests by only 13-11 cm and decreased height from ground by 18 cm with each successive re-nesting attempt. Despite their statistical significance, these distances moved are quite small effects (trivial travel distances to potential nest predators) and so their biological importance is not clear. By contrast, changes in concealment across time was substantial-concealment from the side increased by 8 % with each subsequent re-nesting attempt (F 1,9 =6.4, P=0.032), while concealment from above showed no trends (F 1,7 = 45, P=0.52).
Importantly, it was only after we accounted for the heterogeneity in residual variances across individuals that we revealed any mean-level trends in distance measures and in the changes in height that we describe above. In other words, omitting this effect resulted in all fixed effects being nonsignificant.
Territory size
There were no correlations between predictability in horizontal distances moved between nesting attempts and the maximum horizontal distance between any two nests within individuals, nor with maximum territory width, nor with territory size (all r 17 <0.3, all P>0.27).
Discussion
By following the re-nesting behavior of marked pairs of nesting fantails across an entire breeding season, we found evidence to suggest that the frequent abandonment and renesting prior to laying are related to the risk of predation and that perhaps intra-individual variability is also part of this adaptive antipredator response. Using Bhierarchical^statisti-cal modeling, we found very large and statistically significant differences among females in their intra-individual variation (i.e., predictability) for all re-nesting distance measures, and for changes in height; no other individual-specific differences in behavior were detected. Only when our models accounted for these individual differences in female predictability (residual variance) did we then detect mean-level effects, showing that birds moved farther following failed attempts. This result indicates that they are sensitive to prior nest fate/risk. Indeed, important biological responses to a life history shaping process would otherwise have remained hidden had we not quantified residual variance at the individual level (Westneat et al. 2014 ). To our knowledge, ours is only the second study to quantify intra-individual variation for behavioral data collected in the field after Westneat et al. (2013) , and one of a relatively few detailed studies of avian re-nesting behavior and its potential links to predation. On average, females responded to past nest fate by moving two times as far to re-nest after abandoning a nest during building, and one third farther after experiencing nest predation, as compared to after a successful nesting attempt. These results are consistent with previous studies that have associated re-nesting behavior with sensitivity to risk within and between years. For instance, birds increase distances moved to re-nest following nest predation across years (i.e., bobolink (Dolichonyx oryzivorus), Gavin and Bollinger 1988;  American robin (Turdus migratorius) and brown thrasher (Toxostoma rufum), Haas 1998; and black grouse Tetrao tetrix, Marjakangas et al. 1997) . Similarly, within a breeding season, in some species, pairs that suffered a nest depredation event moved greater distances to re-nest than if they were initiating nesting for a second brood (stonechat (Saxicola torquata), Greig-Smith 1982; yellow-faced honeyeater (Lichenostomus chrysops), Boulton et al. 2003) . In contrast, within a breeding season, hooded warblers (Setophaga citrina) moved farther to re-nest after successfully fledging young than after suffering nest predation, which the authors suggest may be due to local food depletion within a season (Howlett and Stutchbury 1997) . Unfortunately, we do not know why our fantails moved farther after a nest was abandoned, compared to a confirmed predation event. No other studies have investigated nest abandonment behavior from this perspective, possibly because of the difficulty in studying this behavior. Below, we discuss several ideas we think might influence distances moved between nesting attempts.
It is possible that the apparent differences in Bunpredictability^between individuals result from some unmeasured variable that consistently affects variation in some individuals more than in others. For example, individuals with nests that are depredated by a single predator species may be more likely to consistently move similar distances between nesting attempts. For instance, a bird might move farther after nest predation by a currawong (a highly mobile predator with a large home range) in contrast to a small mammalian predator such as an antichinus (Antechinus sp.) that has a much smaller home range, leading to more variable responses across nesting attempts. While we lack data on predator identity in this study, most depredated nests were empty and undamaged, and we seldom found eggshells around depredated nests, suggesting that avian predators are the most common nest predator at our field site. In fact, all three predation events confirmed from video camera footage were depredated by curawongs (CB, unpublished data). Curawongs are widely known to be common nest predators that provision their nestlings with the eggs and young of other birds (Major et al. 1996; Wood 1998; Bayly and Blumstein 2001) ; they were common at our study site (CB, pers obs.). If, as we suspect, most nests were depredated by the same predator type, then the variation we see in the data is not likely to be influenced by predator identity.
The spatial distribution of nesting sites within territories could partially explain intra-individual variation in re-nesting distance and nest height observed in this study. For example, if suitable nesting sites are Bclumped^within a territory, or territories are small, fantails may be constrained to re-nest at shorter distances, thereby constraining individual differences in predictability. However, we found no correlations between individual predictability and the territory size, maximum territory width, or the maximum distance between any two nests within a female (based on horizontal distance). This suggests that territory size and distribution of nest sites within a territory may not constrain variation in behavior. Additionally, this seems unlikely in our study as the habitat was fairly uniform, and the birds appeared flexible in their choice of nesting location and nesting substrate (CB, unpublished data).
Interestingly, the distances moved to re-nest after nest abandonment during building were longer in contrast to after nest predation or nest success. While most nests were likely abandoned due to predators finding the nest during construction, some might be abandoned due to weather (i.e., severe rainstorm destroying half built nests), or because of disturbance from kleptoparasitism of nesting material by other species. Of all nests abandoned during building, 10 % were abandoned after rain, although we cannot directly conclude that rain was the impetus for abandonment nor was the rain particularly heavy in all cases. We observed six avian species steal nesting material from nests under construction, and one of these instances appeared to directly lead to nest abandonment. Thus, community composition and competition for nesting material may factor into the nest success dynamics. These additional potential causes of nest abandonment could add variation to our data set, resulting in the larger distances moved after nest abandonment.
After abandoning a nest, fantails increased concealment from the side by 10 % on the subsequent re-nest but reduced concealment by 10 % after experience nest predation. Low nest concealment may facilitate adult escape from potential predators (Götmark et al. 1995) , and as these are long-lived birds, they may opt to escape and re-nest rather than risk than their own survival. The importance of nest concealment to predation is related to predator type and nest conspicuousness (Burhans and Frank 1998) . Increased concealment has been shown to reduce nest predation in some species (Collias and Collias 1984; Martin and Roper 1988) ; however, concealment may only be effective against predator types that use visual cues such as birds, in contrast to olfactory predators such as small mammals (Skutch 1985; Colombelli-Négrel and Kleindorfer 2009 ). Indeed, fantails may be responding to changing predator communities, as avian predators seem more common at our study site late in the season (Beckmann, unpublished data).
In conclusion, our detailed field study of avian re-nesting behavior revealed trends consistent with adaptive antipredator behavior at the group (mean-level), and possibly also at intra-individual levels. Interestingly, the mean-level effect would have not have been detected had we not explicitly considered the individual differences in residual variance (IIV). Gathering many repeated measures per female was not possible because the birds build a finite number of nests within a breeding season (max=7). Therefore, individual estimate of predictability was necessarily estimated with considerable uncertainty (see Appendix; also Cleasby et al. 2015 for simulations showing the effect of sample size on parameter precision). Nonetheless, we detected very large statistically significant differences in IIV. Thus, this study highlights how repeated measures may help inform us when studying a labile trait like behavior, even if individual differences are not specifically of interest to the researcher and even when sample size is limited by the biology of the species. More generally, explicit assessment of heterogeneity in residuals is rarely considered in any behavioral or ecological study even though it may contain important information about animal biology (see also Cleasby and Nakagawa 2011; Westneat et al. 2014) . To do so, however, requires substantial repeated measures per individual, which may be a logistical challenge, but is likely to pay dividends in terms of our understanding of the biology and our ability to predict behavioral responses.
